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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ferroelectric cold cathode 
as an electron-emitting source to work practically with superior control 
of the electron-emitting amount, concretely to provide its laminated 
electrode structure including a plane wired electrode structure. 
SOLUTION: A ferroelectric substance cold cathode has a ferroelectric 
film 10 which is pinched by a lower electrode 20 and an upper 
electrode 30, wherein the lower electrode is equipped with patterns on 
its interface with the ferroelectric film 10 prepared by forming a thermal 
oxidized Si02 region 22 on an n-type silicon base board. According to 
this configuration, the electron emission from the film 10 is restricted to 
the region where the lower electrode 20 interface with the film 10 
consists of n-type silicon 21 , and it is practicable to control the 
electron-emitting amount and the electron-emitting region. An 
alternative structure is such that the mentioned upper electrode 30 is 

used as the first upper electrode, thereover a second upper electrode is formed with an insulative film 
interposed, and that an electron-emitting window, composed of the insulative film and the second upper 
electrode is furnished on the n-type silicon region. 
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CLAIMS 



[Claim(s)] 

[Claim 1] When said lower electrode carries out patterning of the silicon substrate in the ferroelectric cold cathode 
which comes to have the configuration the ferroelectric was pinched by whose lower electrode and up electrode, it is 
the ferroelectric cold cathode characterized by coming to form a silicon pattern electrode. 

[Claim 2] It is the ferroelectric cold cathode according to claim 1 characterized by coming to form said ferroelectric 
and said up electrode in the whole surface field on said lower electrode except the contact section in said lower 
electrode while using said silicon substrate as n mold silicon substrate, and said silicon pattern electrode's forming n 
mold silicon field pattern in an interface side with said ferroelectric by forming a thermal oxidation field in said n mold 
silicon substrate and making it become. 

[Claim 3] said up electrode — the 1st up electrode ~ carrying out — this, while making the configuration that the 
laminating of the 2nd up electrode is carried out through an insulator layer on the 1st up electrode To a part of field [ at 
least ] of said up electrode which is in agreement with said n mold silicon field in this laminating direction Ferroelectric 
cold cathode according to claim 2 characterized by making electron emission perform by preparing the electron 
emission aperture formed of said the 2nd up electrode and said insulator layer, and impressing forward electric field to 
said 2nd up electrode. 

[Claim 4] Ferroelectric cold cathode according to claim 3 characterized by the dielectric constant of said insulator layer 
being 100 or more. 
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DETAILED DESCRIPTION .. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrode structure of ferroelectric cold cathode especially about 

the ferroelectric cold cathode for emitting an electron. 

[000.2] 

[Description of the Prior Art] Ferroelectrics, such as Pb(Zr, Ti) 03 (it omits Following PZT) and 0(Zr (Pb, La), Ti) 3 
(it omits Following PLZT), are ingredients which have spontaneous polarization, and it is known by the polarization 
reversal produced by high-speed pulse impression that a two or more several A/cm emission current consistency will be 
obtained. 

[0003] Drawing 4 is the configuration schematic diagram showing an example of the conventional ferroelectric cold 
cathode, and, as for a ferroelectric and 2, one is [ a lower electrode and 3 ] up Kushigata electrodes among drawing. 
The ferroelectric cold cathode shown in drawing 4 is reported by H.Gundel etc. (J. Appl.Phys.69(2), pp 975 and 1990). 
In the conventional ferroelectric cold cathode constituted as mentioned above, if an alternating electric field is 
impressed between the lower electrode 2 and the up Kushigata electrode 3, polarization arises in sense which negates 
the electric field impressed to the interior of a ferroelectric 1, this polarization will be reversed with change of an 
impression alternating electric field, and a heavy current community will be generated. If a two or more 107 V/cm 
heavy current community is impressed to a ferroelectric 1 at this time, the electron of a ferroelectric 1 will be drawn out 
by the up electrode 3, and will be emitted to the external world. 

[0004] The above-mentioned ferroelectric cold cathode is simple for the structure as a component, and comparatively, 
also by the low vacuum (>10-lmTorr), since electron emission is possible, an airline printer (for example, Japanese 
Patent Application No. No. 291626 [ six to ]: image formation equipment) and application of flat-surface display (for 
example, JP,7-64490,A: luminescence display device) HE are proposed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, if direct metal wiring was formed on a ferroelectric, since 
polarization reversal would be carried out all over the ferroelectric under wiring and electron emission would occur, the 
electron emission section could not be limited, therefore electron emission area and the amount of electron emission 
were not able to be controlled by the conventional ferroelectric cold cathode. Furthermore, when it applied, for example 
to a display, there was a problem of fluorescent substance luminescence having arisen and causing deterioration of 
display quality by the electron emission generated by polarization reversal under a wiring electrode. Moreover, also 
when it applied to image formation equipments, such as an airline printer, the same problem occurred on the occasion 
of formation of an electrostatic latent image. 

[0006] Although such a problem was avoidable by processing the ferroelectric film and wiring, also in that dry etching, 
such as RIE, is difficult and processing which does not use dry etching, new problems, such as an increment in the , 
leakage current in a processing edge and complication of a process, generated compound metallic oxides, such as 
Above PZT. Moreover, the pulse voltage for obtaining electron emission from the ferroelectric cold cathode which 
used PZT ceramics as a ferroelectric is as high as 150-300V, and it is required for device application to reduce such 
driver voltage. 

[0007] This invention makes it the technical problem which should be solved to be made in view of the above actual 
condition, to excel in the amount control of emission electron, to offer the ferroelectric cold cathode as a practical 
source of electron emission, and to offer the laminating electrode structure of the ferroelectric cold cathode which 
specifically includes flat-surface wiring electrode structure. 
[0008] 
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[Means for Solving the Problem] In the ferroelectric cold cathode to which invention of claim 1 comes to have the 
configuration the ferroelectric was pinched by whose lower electrode and up electrode said lower electrode It is 
characterized by coming to form a silicon pattern electrode by carrying out patterning of the silicon substrate. The 
ferroelectric emitter of the planar structure can be formed without obtaining the ferroelectric cold cathode excellent in 
the amount control of emission electron, and processing a ferroelectric. A cold cathode production process can be 
simplified and it enables it to obtain cold cathode applicable to image formation equipment excellent in a flat-surface 
display without deterioration of the display quality by luminescence which originates in the electron emission to 
fluorescent substances other than a light-emitting part, and is produced especially, or imprint precision. 
[0009] Invention of claim 2 uses said silicon substrate as n mold silicon substrate in invention of claim 1. Said silicon 
pattern electrode While forming n mold silicon field pattern and making it be on an interface side with said ferroelectric 
by forming a thermal oxidation field in said n mold silicon substrate It is characterized by coming to form said 
ferroelectric and said up electrode in the whole surface field on said lower electrode except the contact section in said 
lower electrode. The more concrete configuration for obtaining the ferroelectric cold cathode excellent in the amount 
control of emission electron is obtained. Namely, electron emission is limited only on the n mold Si field of a lower 
electrode, and polarization reversal does not generate a ferroelectric on a thermal oxidation field. Therefore, since the 
electron emission from this field does not happen, can control electron emission area and the amount of electron 
emission and is carrying out patterning of the lower electrode by thermal oxidation, It is the planar structure which does 
not have irregularity in an electrode and the ferroelectric film, and carries out as [ be / simplification of a manufacture 
process / possible ] compared with the approach of processing an up electrode etc. 

[0010] invention of claim 3 — invention of claim 2 — setting — said up electrode — the 1st up electrode — carrying out — 
this, while making the configuration that the laminating of the 2nd up electrode is carried out through an insulator layer 
on the 1st up electrode To a part of field [ at least ] of said up electrode which is in agreement with said n mold silicon 
field in this laminating direction The electron emission aperture formed of said the 2nd up electrode and said insulator 
layer is prepared. By being characterized by making electron emission perform by impressing forward electric field to 
said 2nd up electrode, and carrying out the laminating of the drawer electric-field impression electrode (2nd up 
electrode) By being able to reduce the electron emission pulse voltage from a ferroelectric, and being able to perform 
reduction of the driver voltage of a component, and changing drawer field strength The amount of electron emission in 
the same pulse voltage can be controlled, and it enables it to obtain image formation equipment excellent in a quality 
flat-surface display or imprint precision. 

[001 1] When invention of claim 4 is characterized by the dielectric constant of said insulator layer being 100 or more 
and limits the dielectric constant of an insulator layer in invention of claim 3, the concrete specification of a more 
effective insulator layer is acquired. 
[0012] 

[Embodiment of the Invention] In the ferroelectric cold cathode from which a ferroelectric is pinched and constituted 
from this invention by a lower electrode and the up electrode, the silicon (Si) substrate with which the electrode pattern 
was formed in the lower electrode is adopted. Moreover, in the ferroelectric cold cathode from which a ferroelectric is 
pinched and constituted by a lower electrode and the up electrode, a lower electrode consists of n mold Si substrates 
with which the thermal oxidation field (Si02) and the n mold Si field were formed on the same side, and the 
ferroelectric and the up electrode consist of this inventions so that it may be formed all over removing the lower 
electrode contact section and may become. Moreover, it sets to the ferroelectric cold cathode from which a ferroelectric 
is pinched and constituted from this invention by a lower electrode and the up electrode. It has the configuration to 
which the laminating of the 2nd up electrode was carried out through the insulator layer on the 1st up electrode. He has 
the electron emission aperture formed of the 2nd up electrode and insulator layer on the n mold Si field of a lower 
electrode, and is trying to impress forward electric field to the 2nd up electrode as the drive approach of the above- 
mentioned ferroelectric cold cathode. 

[0013] Namely, according to this invention, a lower electrode consists of Si substrates with which the pattern by 
thermal oxidation Si02 field and the n mold Si field was formed in the interface side with a ferroelectric. Since the 
ferroelectric film and an up electrode are formed all over removing the lower electrode contact section and are 
constituted, electron emission is limited only on the n mold Si field of a lower electrode, and, as for a ferroelectric, 
polarization reversal does not occur on thermal oxidation Si02 field, therefore the electron emission from this field 
does not happen. Thereby, electron emission area and the amount of electron emission are controllable. It is a problem 
resulting from the emission electron generated by polarization reversal under the wiring electrode used especially 
conventionally, for example, in display application, the problem of deterioration of the display quality by luminescence 
by the electron emission to fluorescent substances other than a light-emitting part is not caused. Also in the above- 
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mentioned image formation equipment, it is the same. 

[0014] Moreover, since this structure is carrying out patterning of the lower electrode by thermal oxidation, it can be 
formed by the planar structure which does not have irregularity in an electrode and the ferroelectric film, and 
simplification of a manufacture process is possible for it compared with the approach of processing an up electrode etc. 
Moreover, by impressing electronic drawer electric field to the 2nd up electrode, an electrical potential difference 
required for electron emission from a ferroelectric can be reduced, and the driver voltage as a component can be 
reduced. Furthermore, the amount of electron emission in the same pulse voltage is controllable by changing electronic 
drawer field strength. 

[0015] It explains concretely, referring to the drawing attached in the example of the ferroelectric cold cathode of this 
invention hereafter. Although the ferroelectric cold cathode of this invention is constituted by the aggregate of two or 
more cold cathode, it shows the typical component structure to drawin g 1 and drawin g 2- . Drawin g 1 is an outline 
sectional view for explaining 1 operation gestalt of the ferroelectric cold cathode by this invention, and Si field [ in / 
ten / the ferroelectric film and 20 and / in 21 / a lower electrode ], thermal oxidation Si02 field [ in / in 22 / a lower 
electrode ], and 30 are up electrodes among drawing. [ a lower electrode ] As shown in drawin g 1 , the ferroelectric 
cold cathode in this example It consists of the up electrodes 30 and the lower electrodes 20 which were prepared in the 
upper part of the ferroelectric film 10 and this ferroelectric film, and the lower part. And the lower electrode 20 consists . 
of Si substrates which established thermal oxidation Si02 field 22 in the n mold Si layer 21. The ferroelectric film 10 
and the up electrode 30 are formed all over removing the lower electrode contact section, ground the up electrode 30, 
impress an alternation pulse voltage to the lower electrode 20, and drive a component. 

[0016] It is known that the electron emission by polarization reversal of a ferroelectric will begin to be generated by the 
coercive electric field twice [ about / more than ] the impression pulse voltage of a ferroelectric. Therefore, the 
effective voltage built over the ferroelectric film 10 at the time of a drive falls, and it does not result in electron 
emission, but electron emission occurs only from an n mold Si field in the field used as the ferroelectric film 10 and the 
double layer of thermal oxidation Si02 field 22, i.e., the field in which thermal oxidation Si02 field 22 is formed in the 
lower electrode Si substrate front face. 

[0017] As for an insulator layer and W, the same sign as drawing 1 is given to the part to which drawin g 2 is a 
configuration schematic diagram for explaining other operation gestalten of the ferroelectric cold cathode by this 
invention, and 30a is an electron emission aperture among drawing for the 1st up electrode and 30b, in addition the 2nd 
up electrode and 40 carry out the same operation as drawing 1 . As shown in drawin g 2 , this operation gestalt sets to 
1st up electrode 30a the up electrode of the ferroelectric cold cathode shown in above-mentioned drawin g 1 , on this, 
carries out the laminating of an insulator layer 40 and the 2nd up electrode 30b, and forms the electron emission 
aperture W further in the same location on the n mold Si field of a lower electrode. If forward bias electric field are 
impressed to 2nd up electrode 30b, this 2nd up electrode 30b can act as an electronic drawer electrode, and can make 
the amount of electron emission increase. Moreover, fixed, then a driving pulse electrical potential difference can be 
reduced for the amount of electron emission. Furthermore, if a driving pulse electrical potential difference is set 
constant and positive bias electric field are controlled, the amount of emission electron is controllable. 
[0018] In addition, in this operation gestalt, when impressing a forward electrical potential difference to 2nd up 
electrode 30b, as for the effective voltage concerning the ferroelectric film 10, it is desirable that it is 1/2 or less [ of 
applied voltage ]. Moreover, although dielectric films, such as Si02 and SiN, can be used as an insulator layer 40, the 
above-mentioned dielectric film has a low dielectric constant (for example, SiO 2-4). On the other hand, since the 
dielectric constant is high (for example, PZT-1000), in order for a ferroelectric to set effective voltage of the 
ferroelectric film to one half with the above-mentioned two-layer structure generally, the thickness of several nm is 
required. For example, it is difficult to form such ultra-thin film that Si02 required thickness was set to 4nm to the PZT 
film of 1 -micrometer thickness, and was excellent in the combination of Above Si02 and PZT on the ferroelectric film 
at pressure-proofing and leak-proof nature. Therefore, it is desirable to use the with a dielectric constants of 100 or 
more high dielectric film 3, for example, SrTiO, and BaSrTi03 grade for the above-mentioned insulator layer. 
[0019] In this invention, the ferroelectric film 10 is specifically constituted by compound metallic oxides, such as PZT, 
PLZT, and SrBi2Ta209, BaTi03. This ferroelectric film 10 is desirable when that thickness is 5 micrometers or less 
carries out electron emission by the low battery. Moreover, the up electrode 30 (30a, 30b) is constituted by Pt, Au, and 
aluminum. 

[0020] The configuration approach of the example shown below at drawing 1 thru/or drawin g 2 is explained more to a 
detail. First, the configuration shown in drawing 1 is explained. The thin film was formed with the sol-gel method, 
using PZT as an ingredient of the ferroelectric film 10. a 50nm [ after using the n mold Si wafer which has the specific 
resistance of 5momegacm as a substrate, forming the thermal oxidation Si02 of lOOnm thickness in this substrate and 
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considering as a Si02 cap layer with a diameter of 2mm by the photolithography method ] thermal oxidation layer — 
forming — CMP (chemical mechanical polishing) ~ the above-mentioned cap layer was ground by law, and the lower 
electrode substrate was produced. On this substrate, with the sol-gel method, spin spreading (3000rpmx 20 seconds), 
temporary baking (400 degree-Cx 30 minutes), and book baking (650 degree-Cx 20 seconds) was repeated, and about 
800nm PZT ferroelectric film 10 was formed. Pt electrode of 50nm thickness was formed by the spatter all over 
removing the lower electrode contact section, using a metal mask as an up electrode 30. 

[0021] Thus, the produced component was set into the vacuum tub and exhausted to 10-5Torr. Pt plate and the 
fluorescent screen were used as a collector at that time. The drive of ferroelectric cold cathode grounded the up 
electrode to the gland, and was performed by impressing the pulse voltage which consists of positive/negative as shown 
in a lower electrode at drawing 1 . As a result of evaluating the luminescence pattern by fluorescent substance 
luminescence, any luminescent spots other than an n mold Si field were not seen, but it was checked that the electron 
emission of thermal oxidation Si02 field is inhibited. 

[0022] subsequently, the up electrode formed according to the above-mentioned process in order to obtain the 
configuration shown in drawing 2 - 1st up electrode 30a ~ carrying out — this - 2nd up electrode 30b was formed 
through the insulator layer 40 on the 1st electrode. As an insulator layer 40, SrTi03 film was adopted and it formed by 
50nm thickness by RF spatter on condition that the substrate temperature of 400 degrees C, RF power 200W, 100% of 
oxygen, and gas pressure 2mTorr. By usual photolithography and wet etching (an etching reagent is mixed liquor of a 
hydrochloric acid (HC1), buffered fluoric acid (BHF), and water), patterning of SrTi03 formed the electron emission 
aperture W with a diameter of 2mm. Furthermore, by the lift-off method which used the photoresist as the mask on the 
above-mentioned insulator layer, Pt (200nm of thickness) was formed with EB vacuum deposition, and the 2nd up 
electrode which has the electron emission aperture W was formed. The drive of ferroelectric cold cathode grounded 1st 
up electrode 30a to the gland, and was performed by impressing the pulse voltage which consists of positive/negative 
as shown in the lower electrode 20 at drawing 2 . Moreover, 0 to 20V forward bias voltage was impressed to 2nd up 
electrode 30b on that occasion. 

[0023] Drawing 3 is drawing showing the result of having measured the dependency of the electron emission 
characteristic and the electron emission characteristic by bias electric field. As shown in drawing 3 , it turns out that the 
amount of electron emission is increasing with the increment in bias voltage. Moreover, electron emission starting 
potential falls with the increment in bias voltage. Moreover, according to the above result, by seting driver voltage 
constant shows that the amount of electron emission is controllable by bias voltage. Moreover, the pattern of the lower 
electrode in this example may be a stripe-like electrode for not restricting to this in this invention and choosing [ with a 
diameter of 2mm ] a driver element, although formed circularly. 
[0024] 

[Effect of the Invention] 

Effectiveness of claim 1 : The ferroelectric emitter of the planar structure can be formed without obtaining the 
ferroelectric cold cathode excellent in the amount control of emission electron, and processing a ferroelectric, and a 
cold cathode production process can be simplified. If the ferroelectric cold cathode of this invention is used especially, 
image formation equipment excellent in a flat-surface display without deterioration of the display quality by 
luminescence which originates in the electron emission to fluorescent substances other than a light-emitting part, and is 
produced, or imprint precision can be obtained. 

[0025] Effectiveness of claim 2: The more concrete configuration for obtaining the ferroelectric cold cathode excellent 
in the amount control of emission electron in addition to the effectiveness of claim 1 is obtained. That is, according to 
this invention, a lower electrode consists of n mold Si substrates with which thermal oxidation Si02 field was formed, 
since it has come to form the ferroelectric film and an up electrode all over removing the lower electrode contact 
section, electron emission is limited only on the n mold Si field of a lower electrode, as for a ferroelectric, polarization 
reversal does not occur on a thermal oxidation field, therefore the electron emission from this field does not happen. 
Thereby, electron emission area and the amount of electron emission are controllable. Moreover, since this structure is 
carrying out patterning of the lower, electrode by thermal oxidation, it is the planar structure which does not have 
irregularity in an electrode and the ferroelectric film, and simplification of a manufacture process is possible for it 
compared with the approach of processing an up electrode etc. 

[0026] Effectiveness of claim 3: In addition to the effectiveness of claim 2, by carrying out the laminating of the drawer 
electric-field impression electrode (2nd up electrode), the electron emission pulse voltage from a ferroelectric can be 
reduced, and reduction of the driver voltage of a component can be performed. Moreover, by changing drawer field 
strength, the amount of electron emission in the same pulse voltage can be controlled, and image formation equipment 
excellent in a quality flat-surface display or imprint precision can be obtained. 
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[0027] Effectiveness of claim 4: In addition to the effectiveness of claim 3, the concrete specification of a more 
effective insulator layer is acquired by limiting the dielectric constant of an insulator layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a configuration schematic diagram for explaining one example of the ferroelectric cold cathode by this 
invention. 

[Drawing 2] It is a configuration schematic diagram for explaining other examples of the ferroelectric cold cathode by 
this invention. 

[Drawing 3] It is drawing showing the electron emission characteristic and the bias electric-field dependency in this 
invention. 

[Drawing 4] It is a configuration schematic diagram for explaining an example of the conventional ferroelectric cold 
cathode. 

[Description of Notations] 

1 [ — The ferroelectric film, 20 / — A lower electrode, 21 / — Si field in a lower electrode 22 / — Thermal oxidation 
Si02 field in a lower electrode, 30 / — An up electrode, 30a / — The 1st up electrode, 30b / — The 2nd up electrode, 40 / 
— An insulator layer, W / — Electron emission aperture. ] ~ A ferroelectric, 2 — A lower electrode, 3 ~ An up 
Kushigata electrode, 10 
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